nu  iiu. 


U.$.flRmY 

miSSILE 

^ RESEARCH 
^ flno 

a?  DEVELOPmEAT 

^ commAAD 

— M Itt 

u. 

CJ> 

a 


Redstone  Arsenal,  Alabama  35809 


STORAGE  RELIABILITY 
OF 

MISSILE  MATERIEL  PROGRAM 


ELECTRONIC  VACUUM  TUBE  ANALYSIS 
LC-78-VT1  JANUARY  1 978 


PRODUCT  ASSURANCE  DIRECTORATE 


( 

I 


T.'-js  clr<' 


L>o<.'n  r:' 


DMI  FOFW  1000,  1 APR  77 


REf  CRT  DOCUMENTATUW  PAGE 


KKAD  INSTRUCTIONS 
BIT  ORK  COMPLETING  FORM 


I 

i 


NUMHSW 


T I T L t (etnd  Subtitle) 


[storage  Reliability  of  Missile  Materiel 
Program,  Electronic  Vacuum  Tube  Analysis# 


Final,  June  1974  to 
January  1978 


A'J  IHORCO 


Dennis  F./iMalik 
Oscar  L.j Soler 


9.  PERFOMMING  ORGAMZAT:C-s  SAME  AND  ADDRESS 


Raytheon  Company,  Equipment  Division 
3322  S.  Memorial  Parkway 

liuntsville,  AL  35801 

It.  CONTROLLING  OFFICE  NAME  AND  ADDRESS 

Headquarters,  U.  S.  Army  Missile  R4>D 
Command,  ATTN:  DRDMI-QS,  Redstone  Arsenal 
Alabama  35809 

14.  monitoring  agency  name  & ADDRESSfif  from  Controlling  Office) 


15.  SECURITY  CLASS,  (of  thiai 

Unclassified 


ISO.  DECLASSI  FI  CATION/ DOWN  GRADING 
SCHEDULE 


16.  DISTRIOUTION  ST  ATEMEN  T fol  Arporf; 


Unlimited 


17.  DISTRIBUTION  STATEMENT  (of  the  abafraet  entered  in  DIock  20,  if  different  from  Report) 


ll^.  KEY  WORDS  (Continue  on  teveree  aide  if  rxeceasary  ond  identify  by  block  number) 


Reliaoility,  Storage,  Missile  Materiel,  Failure  Rates,  Failure 
Mechanisms,  Operation,  Vacuum  Tubes,  Receiving,  Sprytron,  TWT , 
Magnetron,  Klystron,  Twystron,  Gridded  Tube,  Amplitron 


20  ABSTRACT  (Continue  on  revrrae  aide  if  necessary  end  identify  by  block  number) 

This  report  documents  findings  on  the  non-operating  reliability  of 
vacuum  tubes.  A Weibull  distribution  is  used  to  describe  the 
failure  distribution  for  high  power  tubes.  This  information  is 
part  of  a research  program  being  conducted  by  the  U.  S.  Army  RiiD 
Command,  Redstone  Arsenal,  Alabama. 


f 


DD  , ' 1473  EDITION  1 NOV  65  IS  OllSOLCTE 


SECURITY  Classification  of  this  paol  fntered) 


STORAGE  RELIABILITY 


OF 

MISSILE  MATERIEL  PROGRAM 


ELECTRONIC  VACUUM  TUBE  ANALYSIS 


LC-78-VT1  JANUARY  1978 


Prepared  by:  Dennis  F.  Malik 
Oscar  L.  Soler 

Project  Director 
C.  R.  Provence 

Product  Assurance  Directorate 


D D C 

F' 


HEADQUARTERS 

U.  S.  ARMY  MISSILE  RESEARCH  & DEVELOPMENT  COMMAND 
REDSTONE  ARSENAL,  ALABAMA 


IN  COMPLIANCE  WITH 
CONTRACT  NO.  DAAK40-74-C-0853 
DATED  4 JUNE  1974 
DATA  ITEM  SEQUENCE  NO.  3 


RAYTHEON  COMPANY 
EQUIPMENT  DIVISION 


LIFE  CYCLE  ANALYSIS  DEPARTMENT 
HUNTSVILLE,  ALABAMA 


ABSTRACT 


This  report  documents  findings  on  the  non-operating  re- 
liability of  electronic  vacuum  tubes.  Long  term  non-operating 
data  has  been  analyzed  and  failure  rate  predictions  have  been 
developed  for  vacuum  tubes. 

This  report  is  a result  of  a program  whose  objective  is 
the  development  of  non-operating  (storage)  reliability  predic- 
tion and  assurance  techniques  for  missile  materiel.  The  analy- 
sis results  will  be  used  by  U.  S.  Army  personnel  and  contractors 
in  evaluating  current  missile  programs  and  in  the  design  of 
future  missile  systems. 

The  storage  reliability  research  program  consists  of  a 
country  wide  data  survey  and  collection  effort,  accelerated 
testing,  special  test  programs  and  development  of  a non- 
operating reliability  data  bank  at  the  U.  S.  Army  Missile 
Research  & Development  Command,  Redstone  Arsenal,  Alabama.  The 
Army  plans  a continuing  effort  to  maintain  the  data  bank  and 
analysis  reports. 

This  report  is  one  of  several  issued  on  missile  materiel. 
For  more  information  contact: 

Commander 

U.  S.  Army  Missile  R&D  Command 
ATTN:  DRDMI-QS,  Mr.  C.  R.  Provence 

Building  4500 

Redstone  Arsenal,  AL  35809 
Autovon  746-3235 
or  (205)  876-3235 


1 


TABLE  OF  CONTENTS 


SECTION 

1.0 

2.0 

3.0 

4.0 


5.0 

APPENDIX 

A 

B 


TITLE 


INTRODUCTION 

SUMMARY 

TUBE  CLASSIFICATION  t.  FAILURE  MODE  ANALYSIS 

3.1  Classification  of  Tubes 

3.2  Failure  Mode  Analysis 

3.3  Product  Assurance  Measures 

NON-OPERATING  DATA  ANALYSIS 

4.1  Tube  Non-Operating  Data 

4.2  Data  Analysis 

4.3  Non-Operating  Failure  Rate  Prediction 

4.4  Electronic  Vacuum  Tube  Operational 
Prediction  Model 

4.5  Opcrational/Non-Operational  Failure 
Rate  Comparison  r 

I 

CONCLUSIONS  6.  RECOMMENDATIONS 

TEST  OF  SIGNIFICANCE  OF  DIFFERENCES  IN 
FAILURE  RATES 

ENVIRONMENTAL  DESCRIPTION 


PACE  NO 

1-1 

2-1 

3-1 

3-1 

3-3 

3- 7 

4- 1 

4-1 

4-9 

4-23 

4-23 

4- 26 

5- 1 

A-1 

B-1 


FIGURES 


FIGURE 

3- 1 

4- 1 

4-2 

4-3 

4-4 

4-5 

4-6 

4-7 

TABLE 

3- 1 

4- 1 
4-2 
4-3 
4-4 
4-5 

4-6 

4-7 

4-8 

4-9 

4-10 

4-11 


■^ITLE 

DISTRIBUTION  OF  FAILURE  MODES 

TWT  (Entries  6,  9,  11,  12  & 13)  FAILURE 
RATE  MODEL 

TWT  (Entry  10)  FAILURE  RATE  MODEL 

KLYSTRON  FAILURE  RATE  MODEL 

MAGNETRON  FAILURE  RATE  MODEL 

GRIDDED  TUBE  FAILURE  RATE  MODEL 

AMPLITRON  FAILURE  RATE  MODEL 

ELECTRONIC  VACUUM  TUBE  NON-OPERATING 
FAILURE  RATE  MODELS  AND  PARAMETERS 

TABLES 

TITLE 

FAILURE  MODE  DISTRIBUTION  & PERCENTAGES 
VACUUM  TUBE  NON-OPERATING  DATA 
SOURCE  H TUBE  TYPES 

VACUUM  TUBE  DATA  - MISSILE  APPLICATIONS 

TWT  FAILURE  RATE  DATA  SUMMARY 

TWT  (Entries  6,  9,  11,  12  & 13)  GROUPING 
OF  DATA  BY  AGE 

TWT  (Entry  10)  GROUPING  OF  DATA  BY  AGE 
KLYSTRON  FAILURE  RATE  DATA  SUMMARY 
KLYSTRON  GROUPINGS  BY  AGE 
MAGNETRON  FAILURE  RATE  DATA  SUMMARY 
MAGNETRON  GROUPINGS  BY  AGE 
GRIDDED  TUBES  FAILURE  RATE  DATA  SUMMARY 

iii 


PAGE  NO. 

3- 4 

4- 12 
4-13 
4-16 
4-18 
4-20 
4-22 

4-24 

PAGE  NO. 

3- 5 

4- 2 
4-7 
4-9 
4-10 

4-11 
4-11 
4-14 
4-15 
4-17 
4-.T  7 
4-19 


1 


r 


TABLES  (cont'd) 


TABLE  TITLE  PAGE  NO. 

4-12  GRIDDED  TUBES  GROUPING  BY  AGE  4-19 
4-13  AMPl.lTRON  FAILURE  RATE  DATA  SUMMARY  4-21 
4-14  AMPLITRON  GROUPING  BY  AGE  4-21 
4-15  BASE  FAILURE  RATES  FOR  TUBES  4-25 
4-16  ENVIRONMENTAL  FACTORS  FOR  TUBES  4-25 
4-17  OPERATING  TO  NON-OPERATING  COMPARISON  4-26 


SECTION  1 


INTRODUCTION 

Materiel  in  the  Army  inventory  must  be  designed,  manu- 
factured and  packaged  to  withstand  long  periods  of  storage  and 
"launch  ready"  non  activated  or  dormant  time.  In  addition  to 
the  stress  of  temperature  soaks  and  aging,  they  must  often  en- 
dure the  abuse  of  frequent  transportation  and  handling,  and 
the  climatic  extremes  of  the  forward  area  battlefield  environ- 
ment. These  requirements  generate  the  need  for  special  design, 
manufacturing  and  packaging  product  assurance  and  procedures. 

The  U.  S.  Army  Missile  Command  has  initiated  a research  program 
to  provide  the  required  data  and  procedures. 

This  report  is  one  of  a series  of  reports  on  missile 
materiel.  It  covers  findings  from  the  research  program  on  elec- 
tronic vacuum  tubes.  The  program  approach  on  tubes  included 
literature  and  users'  surveys,  data  bank  analyses,  data  collection 
from  various  military  systems  and  special  testing  programs. 

Storage  failure  rates  have  been  developed  for  eight  classes 
of  electronic  vacuum  tubes.  These  failure  rates  were  developed 
based  on  engineering  and  statistical  analyses  of  available  data. 
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Sl-X’TION  2 
SUMMARY 


Ovor  1.2  billion  part  hours  with  404  failures  were 
col  lootiwi  aiui  analyzed.  This  represents  information  on  over 
77,000  tubes  of  different  classes  and  chai'acteristics  from 
eiqht  ilifferent  sourci's. 

Non-operationa 1 failure  rate  prediction  models  have 
been  >.ieve  loped  and  are  presented  in  Section  4.3.  The  models 
are  based  on  a decreasinq  failure  rate  with  storage  time, 
data  indicates  that  vacuum  tubes  are  failing  early  in  storage 
and  no  siqnif leant  increase  in  failures  is  indicated  with  time. 

No  difference  was  observed  between  the  storage  failure 
rates  for  pulsei.1  and  CW  tubes.  The  data  tends  to  indicate 
that  the  storage  failure  rate  is  independent  of  power  and 
frequency  characterist ics . 

The  predominant  storage  failure  rate  is  loss  of  vacuum. 

The  predominant  operational  failure  mode  (wearout)  does  not 
seem  to  be  a factor  during  storage. 
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SECTION  3 


TUBE  CI^SSIFICATION  AND  FAILURE  MODE  ANALYSIS 

3 . 1 Classification  of  Tubes 

Data  has  been  accumulated  and  analyzed  on  several  types 
of  tubes.  A brief  description  of  each  type  is  included  for 
the  reader  not  familiar  with  these  devices.  Detailed  descrip- 
tions and  theory  of  operation  for  these  tubes  can  be  found  in  the 
referenced  publications. 

3.1.1  Magnetron 

The  magnetron  is  an  oscillator  which  converts  energy 
extracted  from  a constant  electric  field  to  an  RF  field.  In 
its  most  basic  configuration,  it  consists  of  a cathode,  an 
anode,  a set  of  straps  and  output  couplings.  The  cathode  is  a 
heated  cylindrical  structure  with  the  emitting  surface  all 
around  it.  The  anode  is  a large  block  of  copper,  surrounding 
the  cathode,  in  which  slots  and  holes  are  cut.  The  straps  are 
metal  rings  connected  to  alternate  segments  of  the  anode  block 
to  improve  the  stability  and  efficiency  of  the  tube.  A coupling 
loop  in  one  of  the  cavities  extracts  the  amplified  RF  energy. 

There  are  several  types  of  conventional  magnetrons.  The 
different  names  (strap  and  vane  coaxial,  rising  sun,  inverted 
coaxial,  etc.)  are  due  to  the  different  configurations  of  the 
interaction  region.  However,  they  are  all  characterized  by 
crossed  electric  and  magnetic  fields  in  the  interaction  region 
(hence  the  general  name  of  "crossed  field"  amplifiers). 

The  principal  advantages  of  the  magnetron  are  relatively 
small  size,  light  weight,  reasonable  operating  voltages,  good 
efficiency,  and  rugged  construction.  Its  main  disadvantage 
is  that  the  magnetron,  being  an  oscillator,  is  not  suitable 
for  use  in  coherent  systems,  or  for  generation  of  short  high 
power  pulses.  Its  spurious  power  levels  are  not  the  lowest. 
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J . 1 . 2 Klystron 

The  Klystron  is  an  amplifier  characterized  by  high  gain, 
high  power,  good  efficiency,  but  relatively  narrow  bandwidths. 

Its  high  voltage  requirements  and  large  size  limits  its  applica- 
tion in  missile  systems. 

In  general,  a Klystron  consists  of  a cathode,  a modulating 
anode,  an  anode,  RF  cavities,  RF  input  heater  units  and  electron 
beam.  The  modulating  anode  located  close  to  the  cathode  provides  a 
means  to  pulse  or  modulate  the  electron  beam  by  varying  the 
applied  voltage.  The  RF  cavities  serve  as  the  anode  since  they 
are  at  a positive  potential  with  respect  to  the  cathode.  Unlike 
most  tubes,  electrons  are  not  collected  by  the  anode  but  rather 
by  the  collector  located  at  the  far  end  of  the  tube.  The  input 
and  output  coupling  loops  are  located  in  the  first  and  last  RF 
cavities  respectively.  The  focusing  magnets  provide  an  axial 
magnetic  field  to  counteract  the  mutual  repulsion  of  electrons 
in  the  beam  thus  keeping  it  collimated. 

High  power  tubes  include  X-ray  radiation  sheilds  and  a vac- 
ion  pump  to  maintain  the  high  vacuum  required  for  proper  operation. 
3.1.3  Travelling  Wave  Tube 

The  travelling  wave  tube  (TWT)  is  a thermionic  tube  charac- 
terized by  high  gain,  large  bandwidth,  reasonable  operating 
voltages  but  having  low  efficiency.  The  TWT  is  similar  to  the 
Klystron  in  both  construction  and  principle  of  operation.  It 
contains  a cathode,  an  anode, input  and  output  RF  couplings  and 
focusing  magnets.  Instead  of  RF  cavities,  the  TWT  contains  a 
"slow  wave  structure"  to  accomplish  velocity  modulation  of  the 
beam.  In  low  power  tubes,  the  slow  wave  structure  is  a wire 
helix  running  axially  along  the  tube.  For  higher  power  tubes 
heavier  and  more  rugged  structures  capable  of  dissipating  large 
amounts  of  heat  are  required.  High  power  tubes  also  contain 
vac-ion  pumps  to  maintain  required  vacuum. 

A special  case  of  the  TWT  is  the  Twystron  (TWT/Klystron) . 

This  is  a hybrid  tube  that  essentially  consists  of  a Klystron 
driving  a TWT  within  a single  bottle  or  enclosure.  This 
arrangement  combines  the  good  efficiency  and  pow'er  of  the  Klystron 
with  the  largo  bandwidth  capability  cf  the  TWT.  For  this  analysis, 
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t lu'  'IVyt;  t r nil  li.u:  bi'i'ii  iucliuii'ii  willi  I hi'  'I'Wr':.. 

! . 1 . '1  Amjil  i t inii_£  Spryt  ron 

'I'lu'se  .111'  sjii't'ial  cases  ef  I'losst'ii  fielii  amplifiers.  'I’lii'y 
.lie  t r.idi'iii.irks  of  firivate  companii's  and  represent  moil  i f i cat  i ons 
with  speci.il  featiiri's  of  the  classical  crossed  field  amplifier. 

1 . I . h (Ir  i dded  'I'ubes 

Thi'se  rejiresent  .i  cl.iss  of  ijr  id-cont  rol  I I'd  t ulii'S  . Altlioiujh 
cap.ible  of  larqe  .imounts  id'  powi'r,  qridded  t nbi's  are  constriiined 
to  till'  lowi'i  f ri'quc'nc  ies . In  qener.il  tliey  represi'iit  oliier  t ecli- 
noloqy  sinci'  most  moilern  microwave  .ippl  i ca  t i ons  liave  bet'n  t.iken 
over  by  ot  tu'i  t nbi's . 'I’heir  hiqh  frequency  constraints  limit  this 
.ipplication  in  missiles.  However,  for  t hi'  s.ike  of  completeness, 
this  data  has  been  ineludi'd. 

1.2  Failure  Modi'  Analysis 

'I’lie  f.ii  lure  mode  .ina lysis  is  b.ised  on  a population  of  over 
12,000  tubes,  *184  of  wliich  f.iileil  durinq  storage.  Although  di'- 
tai  led  f.iilure  reports  wert'  not  available  on  any  of  the  tubes, 
cause  of  failnri'  was  recorded  in  most,  cases.  The  total  number 
of  f.ii  lures  in  the  population  of  12,000  tubes  was  over  600, 
however  m.iny  of  these  weri'  system  ri'lated  failures  and  were  not 
counted  as  tube  failures.  In  sonu'  instances,  extern. il  wave- 
(piides  .ii'ced  ('.lus  i ng  .i  surge  of  current  which  ultimately  d.im.iqed 
the  tube.  Other  examples  of  system  related  failures  were  cooling 
.system,  hiqh  VSWR  in  the  system,  lii'at  exchanger,  improper  output 
coupling  failures,  .ind  others.  All  of  those  resulted  in  mal- 
funct  ion  .as  soon  .is  the  tubi'  w.is  inst.illeil  and  power  applied  to 
it.  However,  they  d i il  not  ri'present  intrinsic  tube  failures  and 
W('t  e disregarded  in  the  .ina  lysis. 

The  distribution  of  t iibi'  failures  is  shown  in  Figure  .3-1. 

The  kt'y  to  the  hori/ont.il  .ixis  in  Figure  1-1  is  shown  in  Table 
1-1.  Till'  "y."  i.'o  1 limn  ri'ju'esi'ii  t s the  percent.^gi'  of  all  f.iilures 
ill  which  .1  specif  ii'  modi'  was  olisi'ived. 

The  predominant  stor.ige  f.ii  lure  mode  is  gassy,  loss  of 

v. acuum.  This  modi'  refu'i'st'ii t s .IHV.  of  all  t hi'  f.ai  lures  .uid  it 

w. is  ( oserved  three  t imes  .is  many  .is  the  second  (intern.il  short) 
most  frequent  one.  When  tubes  h.ivi'  been  in  storage  without 
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I’All.UKl-;  MOUE  I DENT  1 FI - 

CATION  NUMBER  FAILURE  MODE  % 


1 

Gassy,  loss  of  vacuum 

38.0 

2 

Internal  short 

12.2 

.1 

Undetermined 

9 . 7 

4 

Open  filament 

8.3 

5 

Uandl ing/packaging 

7.b 

b 

Heater  short 

3.9 

7 

Tuning  mechanism/meclianical 

f a i lure 

2.9 

8 

Low  emission 

2.9 

9 

High  gas  pressure/high  ion 

pump  current 

2.3 

10 

Coolant  leak  within  tube 

2 . 3 

1 1 

Internal  arcing 

2.1 

12 

Filament  failure 

1.4 

13 

Poor  spectrum 

1 . 2 

14 

Cathode  depletion 

1 . 2 

15 

Others 

4.0 

Window  failures 
Low  power  output 
Failed  min.  gain  check 
Tuner  failure 
Excessive  tuner  torque 
Focus  coil  failure 


power  applied  to  them,  gases  either  form  within  the  tube  or  leak 
in  tlirough  seals  resulting  in  loss  of  vacuum.  If  power  is 
applied  suddenly,  the  gases  ionize  and  become  a conducing  media 
drawing  large  amounts  of  current  which,  if  sustained,  will  burn 
out  the  tube.  Tliis  failure  mode  was  not  only  predominant  in  ttie 
entire  population  of  tubes  but  it  was  also  dominant  within  t . ch 
tube  category  except  gridded  tubes. 
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Lost?  vacuum  duriiui  prolomjcd  storacjc  is  often  tiie  nusult 
a niicroscop  i i'  li'ak  in  t lie  tube  envelope.  As  the  tube  skin 
area  and  t lie  numiier  of  vacuum  tight  joints  increase  so  does  the 
potential  for  a leak.  In  an  effort  to  reduce  potential  loss  of 
v'acuum,  the  porosity  of  metals  employed  should  be  seriously 
considereil.  f'mal  I quantities  of  undi'sirable  gases  can  also 
(.triginate  from  the  various  mt'tallic  svirfaces  within  the  vacuum. 

Although  it  was  the  preiiominant  mode  for  storage  conditions, 
loss  of  vacuum  is  seldom  observed  during  operat  ion.  The  re<ison 
is  that  while  .small  amounts  of  gase.s  can  leak  in  while  the  tube  is 
opi'r  at  i nc) , tlu’y  .ire  burned  as  the\’  form  .and  seltlom  reacli  high 
enough  concent  r, it  ions  to  form  arcs. 

lntern.il  sliort  was  the  second  highest  failure  mode.  However, 
over  ‘14%  of  t lie  failures  causeii  by  internal  sliorts  happened  in 
gridded  tubes.  These  were  m.iinly  shorts  in  the  ilel  icate  griil 
structurt'.  In  tubes  other  than  grid  controlled  this  mode  w.as 
responsible  for  only  ht  of  the  failures.  Since  gridded  tulies 
.ire  not  widt'ly  used  in  modern  missiKs,  internal  short  is  not 
.IS  pri'domi n.int  .is  sliown  in  Table  3-1. 

The  Ml  i rd  most  fri'quent  leported  mode  was  "untletermi  ned . " 
Tlu'se  were  c -..,t's  whei  i'  no  failure  .inalysis  w.as  made  or  where  it 
was  impossible  to  lit'ti'rmine  the  .ictual  cause  for  the  failure. 

Ofit'n  fil.inu'nt  w.is  reporti'd  8.3%  of  the  time.  When  combined 
with  tu'.iti'r  shorts  (1.8%)  gnd  undetei  miiii'd  fil.iment  f.ii  lures 
(1.4%),  he. iter  .issoci.ited  failures  .u'counted  for  13.(-.%  of  the 
r. 11  lures.  Corrosion  .ind  embritt  lement  of  thi'  ilelic.ate  fil.iment 
structure  with  t i me  m.iy  account  for  a large  number  of  these 
fa  1 lures . 

II. nulling  .mil  p.ick.iging  .iccounti'd  for  7.(-.%  of  tlie  failures. 
This  is  .1  ((ener.il  c.itegory  with  .i  wic.e  variety  of  interpre- 
t.ations  the  pc^ss  i b i 1 i t i es  includimi  dropping  .i  tube  ri'sulting 
in  m.i  ior  median  i (ui  1 dam.ige.  Pue  to  the  lack  of  further  identi- 
fication failures  .ittributed  to  h. nulling  and  ji.ickaging  were  not 
included  in  f.iilure  r.ite  (.'oiiiput  .i  t i ons  . 

Tuning  meclunii.sm  failures  occuried  mostly  on  mech.in  i c.i  1 1 y 
tuned  magnet  rims . This,  problem  did  not  oecur  in  TWTs  .nui  .mly 
.1  lew  I ime:;  in  Klyr.trons.  Mech.inic.il  tuning  is  used  mostlv  in 
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higl'.  power  magnet rons . Small  tubes  used  in  missile  applications 
are  mostly  electronically  or  voltage  tuned.  Therefore,  this 
failure  mode  is  not  severe  in  missile  environments. 

Low  emission  is  usually  the  predominant  operational 
failure  mode.  It  indicates  cathode  wearout . As  a storage  mode 
it  may  indicate  oxidation  of  the  cathode  surface  caused  by  small 
amounts  of  moisture  trapped  within  the  tube. 

The  balance  of  the  failures  were  due  to  a variety  of  failure 
modes  none  of  which  represents  a major  storage  associated  problem. 
3 . 3 Product  Assurance  Measures 

As  shown  in  Section  3.2  , the  principal  storage  associated 
problem  is  loss  of  vacuum.  This  problem  can  be  alleviated  with 
a combination  of  manufacturing  control,  proper  storage  and 
handling  procedures,  and  tube  preparation  before  full  operation. 

During  manufacturing  gases  can  be  trapped  within  the  tube 
enclosure.  To  minimize  this, tubes  should  be  assembled  in  a 
hard  vacuum  atmosphere.  ^'acuum  seal  areas  should  be  minimized 
and  special  attention  should  be  given  to  selection  and  applica- 
tion of  sealant  material.  The  porosity  of  the  materials  should 
be  strictly  controlled  to  avoid  gas  leaks  through  microscopic 
pores . 

During  storage,  humidity  control  is  important  to  avoid 
corrosion  of  metal  parts  of  the  tube.  If  the  tube  is  equipped 
with  a vac-ion  pump,  the  pump  should  be  operated  periodically 
to  extract  any  gases  accumulated  during  storage.  The  pumpi 
should  be  operated  every  time  after  transportation  and  before 
operation.  All  tubes,  especially  grid  controlled  tubes,  should 
be  protected  from  extreme  or  continuous  shock  and  vibration. 

If  a gassy  tube  is  powered  suddenly, the  trapped  gas  will 
ionize  causing  arcing  and  tube  damage.  However,  if  power  is 
applied  gradually,  the  gas  will  burn  out  slowly  without  arcing. 
Therefore  "conditioning"  of  the  tube  by  gradual  application 
of  power  will  minimize  the  problem.  This  is  a normal  process 
in  high  power  radar  tubes,  however  it  may  not  always  be  possible 
on  a missile  resting  in  the  launcher  and  which  must  be  readied 
and  launched  in  a matter  of  seconds.  However,  this  procedure 
must  be  followed  whenever  a tube  has  been  in  storage  for  some 
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time  and  is  beinq  readied  to  install  in  a missile.  The  con- 
ditioning process  should  include  as  a minimum  slow  heater 
warm-up;  anode,  cathode,  and  helix  conditioning  by  applying 
high  voltage  gradually;  and  RF  conditioning  by  applying  RF 
I drive  gradually  to  maixmum  power  level  and  pulse  width. 

[ 
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SECTION  4 


NON-OPERATING  DATA  ANALYSIS 

The  information  in  this  section  is  based  on  data  collected 
on  over  77,000  tubes  of  eight  types  with  combined  storage  hours 
of  over  1.2  billion  and  404  failures. 

4 . 1 Tube  Non-Operating  Data 

Available  data  on  the  different  types  of  tubes  is  summarized 
in  Table  4-1.  The  information  in  Table  4-1  does  not  constitute 
all  of  the  data  collected.  Several  hundred  thousand  hours  and 
over  150  failures  were  immediately  disqualified  because  they 
were  either  system  failures  or  the  result  of  mishandling. 

Data  was  obtained  from  eight  sources.  Source  A represents 
a reliability  study  performed  under  contract  to  RADC . This 
source  identified  the  type  and  quality  grades  for  the  devices, 
however,  it  provided  no  information  regarding  storage  conditions 
or  intervals.  For  vacuum  tubes,  one  entry  on  Sprytron  tubes 
with  400  thousand  storage  hours  and  no  failures  and  one  entry 
on  MIL-STD  tubes  with  1 million  storage  hours  and  14  failures 
were  recorded. 

Source  B represents  data  from  orbiting  spacecraft.  Eighteen 
TWTs  were  in  a standby  (non-operating)  mode  and  all  18  operated 
without  failure  when  turned  on. 

Source  F represents  missile  storage  between  1963  and  1965. 
The  missiles  were  subjected  to  periodic  checkout.  Storage  in- 
tervals ranged  from  2 to  29  months.  Cumulative  operating  time 
on  the  tubes  was  from  1 to  20  hours.  Four  TWT  failures  were 
reported  with  the  following  failure  modes:  Moding  at  start  of 
oscillation  (Age  - 5 months);  Spectrum  too  wide  (Age  - 8 months); 
Arcing  (Age  - 15  months);  and  Vibration  (Age  - 12  months).  One 
magnetron  failure  was  recorded  at  age  5 months  - failure  mode  - 
excessive  helix  current. 

Source  G represents  shelf  storage  between  1970  and  1972  of 
large  TWT's  (peak  power  - 200  KW) . Storage  intervals  ranged 
from  6 to  22  months.  The  devices  were  conditioned  after  storage 
before  turn-on.  No  failures  were  recorded. 
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Missile  hJ-l  data  represents  874  missiles  stored  for  20 
months  during  1967  and  1968.  The  missiles  were  stored  in 
containers  exposed  to  external  environmental  conditions  in  the 
northeast  U.  S.  They  were  also  transported  from  coast  to  coast. 

No  tests  were  performed  until  the  end  of  the  20  months.  The 
data  included  nearly  13  million  klystron  storage  hours  with  one 
failure  recorded  as  "open."  In  addition,  one  billion  storage 
hours  were  recorded  for  receiving  tubes  with  13  failures  re- 
corded. The  failures  were  listed  as  defective  (3);  shorts  (5); 
opens  (2);  low  gain  (1),  open  heaters  (2). 

Source  H represents  shelf  storage  data  on  high  power  devices. 
Table  4-2  lists  the  tube  type  and  power  ratings.  Data  was  not 
available  on  which  tubes  may  have  been  preconditioned  upon  re- 
moval from  storage. 

Missile  D data  represents  159  missiles  stored  for  periods 
from  one  month  up  to  62  months  for  an  average  storage  period 
of  17  months.  The  missile  storage  was  environmentally  controlled 
and  periodic  checkouts  were  performed.  The  data  includes  nearly 
two  million  storage  hours  for  the  triode  cavity  oscillator  with 
no  failures  recorded. 
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TAHLt;  4-2.  SOUKCi;  li  TUBE 

TYPES 

TL’BH  TYPt; 

DATA  TUBE 

POWER 

POWER 

FREQ. 

ENTRY  TYPE 

PEAK 

AVE. 

(MHz) 

NO. 

NO. 

'IVys  Lron 

9 

VA913A 

5 MW 

10 

KW 

5500 

10 

VA145E 

3 MW 

5 

KW 

3000 

TWT 

11 

ZM3167 

5 KW 

10 

W 

5600 

12 

VA138U 

- 

70 

w 

420 

13 

VA643 

Class . 

Class . 

Class 

Klystron , 

Pulsed 

14 

L3403 

1 . 3 MW 

75 

KW 

400 

15 

VA842 

1.3  MW 

75 

KW 

400 

16 

L3035 

2.2  MW 

7 

KW 

1300 

17 

L3250 

10  MW 

15 

KW 

1300 

18 

Z5010A 

10  MW 

15 

KW 

1300 

19 

5AC42A 

3 MW 

6 

KW 

5600 

20 

ZM3038A 

15  MW 

30 

KW 

2500 

21 

X780D 

2 . 5 MW 

75 

KW 

1300 

22 

4KMP1000LF 

470  MW 

4 . 

6 KW 

600 

Klystron , 

CW 

23 

VA8  5 3 

- 

75 

KW 

900 

24 

3KM5000PA 

- 

20 

KW 

330 

25 

3KM5000PA2 

- 

23 

KW 

330 

26 

3KM3000LA 

- 

100 

KW 

400 

27 

VA888E 

- 

1 

KW 

4700 

28 

3KM300LA 

- 

100 

KW 

400 

29 

4KM50LB 

- 

14 

KW 

410 

30 

4KM17000LA 

- 

75 

KW 

410 

31 

3KR1000LQ 

- 

76 

KW 

870 

32 

4KM50000LQ 

- 

11 

KW 

800 

33 

4KiM50sJ 

- 

12 

KW 

2100 

34 

4KM50LC 

- 

14 

KW 

400 

35 

3K5000LA 

- 

10 

KW 

500 

36 

310M50000PA1 

- 

23 

KW 

330 

37 

3K30000LQ 

- 

2 

KW 

800 

38 

4KM3000LR 

- 

2 

KW 

800 

39 

VA800E 

- 

10 

KW 

2100 

40 

VA856B 

- 

2 

KW 

7600 

41 

4K50000LQ 

- 

10 

KW 

800 

42 

4KM50SK 

- 

12 

KW 

2600 

43 

4KM50000LR 

- 

12 

KW 

870 

44 

4K3CC 

- 

T 

A. 

KW 

800 

45 

4K3JK 

- 

1 

KW 

2600 

Magnetron 

4 6 

OK338A 

4 . 5 MW 

4 , 

5 KW 

2800 

47 

QK6410 

4 . 5 MW 

4 . 

5 KW 

2800 

48 

QK327A 

4 . 5 MW 

2 . 

5 KW 

2800 

4 9 

8798 

4 50  KW 

4 50  W 

2 800 

50 

7256 

4 0 KW 

40 

W 

9100 

51 

400615 

1 MW 

1 KW 

1300 

52 

5536 

800  KW 

40 

0 W 

2800 
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TABLE  4-2 


SOURCE  H TUBE  TYPES  (cont'd) 


TUBE  TYPE 

Magnetron 

Gridded  Tubes 

Amplitron 


DATA 

TUBE 

POWER 

POWER 

FREQ. 

ENTRY 

NO. 

TYPE 

NO. 

PEAK 

AVE. 

— 

(MHz) 

53 

7256 

40 

KW 

40 

W 

9100 

54 

8798M 

450 

KW 

450 

W 

2800 

55 

8798F 

450 

KW 

450 

w 

2800 

56 

5586 

800 

KW 

400 

w 

2800 

57 

2041 

300 

KW 

3 

KW 

430 

58 

7835 

10 

MW 

60 

KW 

450 

59 

6952 

224 

KW 

4 

KW 

430 

60 

QK6  81 

Cla 

ss  . 

Class . 

Class 
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A t.iii  ly  hiqh  con  i' 1 al  ion  was  made  to  this  function,  with 
the  (<  (shape)  parameter  less  tlian  one,  aqain  suggesting  tliat  the 
majcuity  ot  the  failures  were  occurring  early  in  storage.  The 
individual  analyses  for  the  various  tube  types  «re  presented 
b<'  low : 

4.2.2  TWT ’ s 

Data  entries  t , 9,  10,  11,  12  and  13  were  combined  in  the 
TWT  analysis.  Note  that  twystrons  are  included  in  this  category. 
All  six  data  nit  lies  were  tested  to  determine  if  a single  failure 
rate  applicable  to  the  general  category  of  TWT ' s could  be 
developeil.  Tlu'  test  indicated  that  the  failure  rate  for  data 
entry  10  is  significantly  different  from  the  remaining  devices, 
i No  iliii'i't  c'oi  te  1 at  ion  to  power  or  frequency  could  be  made  to  this 


liifference  in  failure 

rate . 

Table  4-4 

summarizes  the  TWT’ 

data . 

TAlU.f  4-4. 

TWT  FAILURf  ItATE 

DATA  SUMMARY 

fN'l’RY 

N08.  UKS.  xlO^’ 

FAIL- 

URbS 

X IN  FITS 

90^.  UPPER  CONF. 
LIMIT  X IN  FITS 

AVG. 

AGE 

, ‘M  1 
1 3 

, 12, 

4 . ‘U18 

12 

2445  . 

36  32 

1 4 mos 

10 

.134 

6 

44776  . 

78720 

15  mos 

f from  inspection  of  the  data,  it  was  evident  that  a decrease 

in  failuri'  rate  occurs  from  6 months  on.  This  suggests  that  the 
majority  ot  failures  are  occurring  early  in  storage.  Therefore, 
win.’ t her  the  tubes  are  tested  at  six  months  or  at  60  months,  the 
same  a[>pi'oximate  percent  of  failures  will  be  discovered. 

To  obtain  a il  i st  r i but  ion  of  these  failures,  the  data  was 
sorted  by  agi'  into  groups  of  appro.x imately  80  units  each  for 
I'lilries  t> , 11,  12,  1 > .ind  3 units  each  for  entry  10.  Tables 

4-5  aiul  4-6  show  this  data  ijr'-’iipii'q  • 
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TAIU.K  4-‘> 

. TWT  (out  1 

li’S  b 

11,  12  4.  1 J ) 

I'.KOUl'  INil 

OK  DA'l'A  HV  AOl- 

ttTOKAllK. 

AVKKAO.f: 

KAIh-  Ml  hid  ON 

AOTUAI, 

HKKDICTKU 

I NTKKVAl, 

AOK 

UNITS 

DKKS  HOURS  \ 

IN  KITS 

\ IN  KITS 

I-.’  IllO. 

1 . 4 mo . 

V't 

1 .07‘)(. 

12  SO  3 

1 2 Si.  3 

l-S  llKl  . 

1 . (>  mil . 

V 4 

,]  . 1 4 

1 S 18  3 

(.S72 

!)-'>  mo. 

/ . i mo . 

8 7 

.1  .41. 7 ') 

4 274 

4 0 4 7 

I 0- I 7 mo . 

11.0  mo . 

84 

.7884 

2 SO  2 

2 7 24 

I 8 -.’4  mo. 

1 s . (i  mo  . 

7t. 

1 1.0877 

8 1 8 

20  SS 

2 ^-<-70  mo. 

-18.8  mo. 

iV2 

3 2.3228 

1 28  1 

1 2 8i. 

\(t) 

14-1) 

Kill 

- bn (1 .0243) 

liidox  of  Corn' 1 at 

ion 

- 0.77 

t - SI  (.nano  I i uu'  in  hill  ion  hours 


■I’AIU.K  'Ij;!).  'I'Wr  (ont  ry  U1 ) Si«UiPINt'  OK  DATA  HV  AOK 


STORAOK 

1 NTK RVAb 

AVKKAOl'l 

AOK  UNITS 

KAIl  ,- 
UKKS 

MI bbJON 
HOURS 

AOTUAb 

IN  FITS 

I'RKDICTKD 
\ IN  KITS 

2-4  mo . 

1 

.0  mo.  1 

•> 

. OOt.li 

30  30  10 

1 81,74  2 

S- 1 !i  mo. 

1 1 

. 7 mo . 1 

1 

.02S(, 

380(1  1 

“j  L>  J 1'  i) 

18-.’  4 mo . 

2 1 

. 1 mil . 3 

1 

.04li7 

2 14  1 

1 1 4S2 

2 S - 2 1)  mil . 

2S 

. 3 mil . t 

• OSSS 

3ti03l. 

21.7SS 

\ (1  ) 

( . OtvJ-  1 ) I.nt 
o 

- bn  ( 1 

.Olt.8) 

1 ndi'x 

ot  I'orri'  lat  ion  . 8 8 

t - sloraiU'  t iiiio  in  billion  lunirs 

A Wo  i bn  1 1 distribution  was  fit  to  I ho  data  aiul  a tail 

00  I I o I a t 1 1,'n  witli  t ho  liold  data  was  obtainod.  TIu'  rosu  1 t i na 

tunol  ions  aiul  oorio'lat  ion  lai'tors  aro  shown  in  'I’abU's  and  4-ti. 

I'ianios  4-1  and  4-.'  prosi'iit  a araph  of  I lio  funotion  and  t ho 

1 lui  i V I dua  1 data  pii  i n I s . 


4. 2. 2. 2 KLYSTRONS 


Data  entries  14  through  22  represent  pulsed  Klystrons  and 
entries  23  through  45  represent  continuous  wave  Klystrons.  With- 
in these  two  groupings,  the  entries  were  tested  to  determine 
whether  a single  failure  rate  is  applicable.  For  the  pulsed 
Klystrons,  it  is  possible  for  all  entries  to  be  from  the  same 
failure  population.  For  the  continuous  wave  Klystrons,  entries 
27  and  31,  appears  to  be  statistically  different  from  the  re- 
maining entries.  Table  4-7  summarizes  this  data.  Testing  of 
the  pulsed  Klystron  data  with  the  continuous  wave  Klystron  data 
(excluding  entries  27  and  31)  indicated  that  it  is  possible  for 
all  tlie  entries  to  have  the  same  failure  population. 


TABLE 

4-7. 

KLYSTRON 

FAILURE  RATE  DATA  SUMMARY 

ENTRY . NOS . 

HRS . 

FAIL- 

X  IN 

90%  UPPER  CONF. 

AVG. 

X 106 

URES 

FITS 

LIMIT  X IN  FITS 

TYPE 

AGE 

14  thru  22 

23  thru  26, 

28  thru  30, 

28.945 

91 

3144 

3608 

pulsed 

contin . 

19  mos. 

& 32  thru  45 

13.627 

33 

2422 

3058 

wave 

28  mos. 

27  and  31 

14  thru  26 

28  thru  30 

1.138 

19 

16696 

22765 

contin . 

wave 

pulsed 

8 mos . 

S,  32  thru  45 

42 . 572 

124 

2913 

3276 

contin . 
wave 

21  mos. 

Again,  inspection  of  the  Klystron  data  on  a time  line, 
indicated  that  the  failure  rate  was  decreasing  with  time.  The 
data  was  sorted  by  ago  into  groups  of  approximately  260  units  each. 
'Pests  within  these  groups  indicated  that  the  failure  distribution 
for  entries  27  and  31  were  not  different  from  the  other  entries. 

The  average  age  of  the  devices  in  the  combined  data  were  shorter 
when  tested  la'sulling  in  a higher  failure  rate  of  the  total  entry. 
An  attempt  to  fit  a Weibull  distribution  to  this  data  was  made 
and  sliown  in  'J’abJe  4-8  with  f.ur  correlation.  Figure  4-3  presents 
.)  ijraph  of  the  function  and  the  imiividual  data  points. 
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TABLE  4-8.  KLYSTRON  GROUPINGS  BY  AGE 


STORAGE 

INTERVAL 

AVG . 

AGE. 

UNITS 

FAIL- 

URES 

HOURS 

ACTUAL  X 
IN  FITS 

PREDICTED 
X IN  FITS 

1-2  mo . 

1.2 

mo . 

396 

15 

.4154 

36110 

23241 

3-4  mo . 

3 . 5 

mo . 

306 

12 

.7767 

15450 

12183 

5-6  mo . 

5.6 

mo . 

287 

12 

1.1658 

10293 

8b39 

7-8  mo . 

7 . 5 

mo . 

210 

5 

1.1154 

4483 

7101 

9-11  mo. 

9.9 

mo . 

255 

10 

1.8476 

5412 

5659 

12-14  mo . 

12.9 

mo . 

247 

8 

2.3178 

3452 

4684 

15-19  mo. 

16.9 

mo . 

237 

11 

2.9229 

3763 

3836 

20-26  mo . 

23.1 

mo . 

252 

13 

4.2413 

3065 

3056 

27-38  mo . 

32.0 

mo . 

263 

23 

6.1517 

3739 

2403 

39-55  mo. 

45.7 

mo . 

249 

14 

8 . 3074 

1685 

1853 

56-180  mo . 

79.3 

mo . 

250 

20 

14.4679 

1382 

1239 

A 

(t)  = 

e^' 

269-1) 

Lnt  - Ln 

(1.0106) 

Index  of  Correlation  = 0.90 
t = Storage  time  in  billion  hours 

4.2.3  MAGNETRONS 

Data  entries  46  through  55  represent  Magnetrons.  Testing 
these  entries  indicated  three  distinct  groups  of  failure 
population  (Table  4-9):  entries  46  and  53  with  a combined 
failure  rate  of  961  fits;  entries  47  thru  50,  54  and  56  with  a 
combined  failure  rate  of  2685  fits,  and  entries  51,  52,  and  55 
with  a combined  failure  rate  of  15760  fits.  No  correlation  to 
size  or  frequency  could  bo  made  to  these  failure  rate  differences. 

As  with  the  TWTs  and  Klystrons,  the  magnetrons  exhibited  a 
decreasing  failure  rate  with  time.  The  data  was  sorted  by  age 
into  groups  of  approximately  320  units  each.  Tests  within  these 
groups  indicated  no  difference  in  the  failure  populations  for 
all  Magnetron  entries.  The  data  is  shown  in  Table  4-10.  The 
Weibuli  function  of  the  storage  time  was  fit  to  the  data  with 
fair  correlation.  Figure  4-4  presents  a graph  of  the  function 
and  the  individual  data  points. 
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FIGURE  4-3.  KLYSTRON  FAILURE  RATE  MODEL 


TABLi:  4-9 


MAGNETRON  FAILURE  ILM’E  DATA  SUMMARY 


ENTRY  NO. 

HRS  . 

X 1^ 

FAILUR1-:S 

\ IN  90?. 

UPPER  CONF. 

AVG. 

FITS  LIMIT  \ IN  FITS 

AG^ 

4 b X 5 3 

13 

. 579 

118 

851 

961 

67  mos . 

47,48,49, 
50,54, 5b 

lb 

.703 

36 

2155 

2685 

18  mos. 

51 ,52,55 

. 59  3 

5 

8432 

15760 

12  mos. 

TABLE 

4-10  . 

MAGNETRON 

GROUPINGS 

BY  AGE 

STORAGE 

INTERVAL 

AVG. 

AGE 

UNITS 

FAILURES 

HOURS 

ACTUAL  A PREDICTED 

IN  FITS  A IN  FITS 

1-3  mo . 

2.40 

305 

6 

.4373 

13721 

10284 

4-6  mo . 

5.2 

344 

12 

1.3052 

9194 

5256 

7-9  mo . 

8 . 1 

292 

9 

1.7286 

5207 

3866 

10-14  mo . 

12.0 

372 

18 

3.2040 

5618 

2985 

15-19  mo . 

16.9 

328 

10 

4.0354 

2478 

2334 

20-26  mo . 

24.0 

298 

21 

5.2136 

4028 

1831 

27-49  mo. 

36.1 

324 

18 

8 . 5468 

2106 

1379 

50-75  mo . 

67.9 

317 

4 

15.7645 

255 

890 

76-84  mo . 

80.4 

320 

13 

18.7844 

692 

794 

85-92  mo . 

88 . 5 

301 

5 

19.4538 

257 

74  3 

93-99  mo . 

95.8 

324 

8 

22.6475 

35  3 

704 

100-111  mo . 

105.1 

3 30 

15 

25 . 3208 

592 

660 

112-240  mo. 

127.4 

315 

20 

29.2978 

683 

578 

A ( t ) = e 

(0. 310- 

DLnt  - Ln  (1.0467) 

Index  of  Correlation  = 0.89 
t = Storage  time  in  billion  hours 


4 . 2 . 2 . 4 TimES 

The  data  on  qridded  tubes  is  summarized  in  Table  4-11. 
Statistical  test  indicate  no  distinct  difference  in  the  failure 
rate  of  the  three  data  entries. 
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The  failure  data  was  sorted  by  age  into  groups  of 
approximately  70  units  showing  an  apparent  decrease  in  failure 
rate’  with  time.  The  Weibull  function  of  the  storage  time  was 
fit  to  the  failure  rate  data  with  an  index  of  correlation 
e’qual  to  0.85  as  shown  in  Table  4-12.  Figure  4-5  presents  a 
graph  of  tlie  function  with  tlie  data  points. 


TABLF 

G RIDDED 

TUBES  FAILURE  RATE 

DATA  SUMMARY 

ENT BY  NOS. 

HRS. 

FAILURES  X 

IN  FITS 

9 0«,  UPPER 
LIMIT  X IN 

CONF.  AVG. 
FITS  AGE 

57,58,59 

6 . 

762 

38 

5620 

6976 

12  mos 

table 

4-12. 

GRIDDED 

TUBES  - GROUPING  BY  AGE 

STORAGE 

INTERVAL 

AVG . 
AGE 

UNITS 

FAILURES 

HOURS 

ACTUAL 

X IN  FITS 

PREDICTED 

X IN  FITS 

1 

1 

87 

4 

. 0635 

62992 

37384 

2 

2 

62 

3 

.0905 

33149 

22283 

3 

3 

63 

3 

. 1380 

21739 

16463 

4-5 

4 . 5 

72 

1 

.2360 

4237 

12183 

6-7 

6.5 

76 

7 

.3584 

19531 

9286 

8-9 

8.4 

70 

4 

.4271 

9365 

76  6 2 

10-12 

11 . 3 

81 

5 

.6694 

7469 

6109 

13-16 

14 . 5 

76 

2 

.8059 

2482 

5072 

17-22 

19.5 

70 

3 

.9965 

3011 

4071 

23-33 

27.7 

74 

3 

1 .4987 

2002 

3129 

34-78 

43.1 

47 

4 

1.4783 

2706 

2252 

4-19 


4.2.5  A.MI’LITRO.NS 


I 


(.)iily  on<'  data  entry  was  available  on  amplitrons  as  shown 
in  Table  4-13.  Tlu'  data  was  sorted  by  age  into  groups  of 
approximately  24  units  each  showing  a decreasing  failure  rate 
with  time.  A We i bu 1 1 tailure  rate  function  was  fit  to  the  data 
as  shown  in  Table  4-14.  Figure  4-G  presents  a graph  of  this 
function  with  the  data  points. 

TABLE  4-13.  AMFLITRON  FAILURE  RATE  DATA  SUMMARY 


ENTRY . NOS . 

HRS.  X 10^ 

FAILURES  \ IN  FITS 

90%  ONE  SIDED 

AVG. 

CONF.  LIMIT- 
X IN  FITS 

AGE 

60 

1.970 

13  6599 

10234 

19  mos 

TABLE 

: 4-14.  A.MPLITRON  - 

GROUPING 

BY  AGE 

STORAGE 

AVG. 

ACTUAL  A 

PREDICTED 

INTERVAL 

AGE 

UNITS 

FAILURES 

HOURS 

IN  FITS 

A IN  FITS 

1-3  mo . 

1.9 

mo . 26 

1 

.0321 

31153 

44703 

4-7  mo . 

5.5 

mo . 24 

2 

.0964 

20747 

17690 

8-18  mo . 

13.4 

mo . 2 3 

2 

.2256 

8865 

8769 

19-26  mo . 

24.2 

mo . 23 

2 

.4073 

4910 

5512 

27-33  mo . 

29.4 

mo . 27 

3 

.5789 

5182 

4743 

34-88  mo . 

41.3 

mo . 22 

3 

.6628 

4526 

3630 

A (t)  = 

1 ) Ln  t - Ln  ( 

.9854) 

Index 

of  Correlation  = .82 

t = Storage  time  in  billion  hours 


4.2.3  LOW  POWER  VERSUS  HIGH  POWER  TUBES 

A comparison  of  the  low  power  tube  data  to  the  high  power 
tube  data  was  made.  The  comparison  was  based  on  age  between  the 
two  data  sources.  For  TWT's,  Magnetrons  and  Gridded  Tubes,  tests 
indicated  no  significant  difference  between  the  low  power  and 
high  power  tubes. 
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4 . 5 OPERATIONAL/NON-OPERATIONAL  FAILURE  RATE  COMPARISON 

Table  4-17  presents  a comparison  of  operational  and  non- 
operational  failure  rates.  The  non-operational  failure  rates 
were  calculated  based  on  10  years  storage.  The  operating 
failure  rates  were  calculated  for  a ground-fixed  environment. 


TABLE  4-17.  OPERATING  TO  NON-OPERATING  COMPARISON 


OPERATING 

NON-OPERATING 

PJXTIO 

FAILURE  RATE 

FAILURE  RATE 

TUBE  TYPE 

(X^p)  IN  FITS 

(Xjjq)  in  fits 

Receiving 

5000 

12 

4167. 

Klystron,  Low  Power 

30000 

78 

385. 

Klystron,  High  Power 

200000 

915 

219  . 

TWT,  Low  Power 

30000 

593 

51. 

TWT,  High  Power 

200000 

593 

337  . 

Magnetron,  Low  Power 

200000 

602 

332  . 

Magnetron,  High  Power 

450000 

602 

748. 

Gridded  Tubes,  Low  Power  100000 

1044 

518  . 

Gridded  Tube,  High  Power  180000 

1044 

172. 
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CONCLUSIONS  i,  RECOMMENDATIONS 

. 1 Cone J uslons 

Tlio  primary  storage  failure  mode  for  most  types  of  high 
power  vacuum  tubes  is  loss  of  vacuum.  Gridded  tubes  are  the 
exception  with  the  predominant  failure  mode  being  internal 
slior  t . 

There  is  not  sufficient  evidence  to  establisli  a relation- 
ship between  s-torage  failure  rate  and  power  or  frequency.  In 
fact,  tlie  data  tends  to  indicate  independence  among  those 
parameters . 

There  iloesn't  seem  to  be  a difference  in  storage  failure 
rate  between  pulsed  and  CW  tubes.  In  all  cases,  pulsed  and  CW 
data  were  combined  into  a single  failure  rate. 

In  some  cases,  more  than  one  failure  rate  was  found  for 
a particular  class  of  tubes.  Different  failure  rates  were 
quoted  when  statistical  tests  indicated  the  likelihood  of 
different  populations  within  the  data.  The  lack  of  definition 
regarding  to  tube  manufacturing,  storage  conditions,  quality 
grades  and  conditioning  procedures  did  not  permit  a complete 
evaluation  of  these  differences.  These  are  believed  to  be  the 
results  of  tlie  combined  effects  of  different  manufacturing 
technologies,  quality  controls,  storage  environment,  and  lube 
cond i tioning  virocedures  . 

The  storage  data  indicates  that  vacuum  tube  failures  are 
occurring  early  in  storage.  Therefore,  a decreasing  failure  rate 
has  been  predicted.  The  failure  rate  models  assume  that  no  tests 
are  performed  on  the  tubes  in  storage.  Should  the  tubes  be 
tested  after  a year,  the  failure  rate  shouivi  decrease  signifi- 
(.•antly,  since  most  ot  the  failures  should  be  removed  as  a 
result  of  tin.'  Lest. 

Since  loss  of  vacuum  is  the  primary  slorai-ie  failure  mode, 
projx'f  cond  i t ioni  lui  ot  powei'  tubes  prior  to  opei'at  ion  would 
significantly  ini'ix'ase  I hi'  sloragi'  reliability. 
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5.2  Reconuncndat  ions 


To  avoid  gases  to  be  trapped  within  the  tube  enclosure 
[ during  manufacturing,  tubes  should  be  assembled  in  a high 

vacuum  environment.  Particular  attention  should  be  given  to 
vacuum  seals  and  to  the  selection  of  low  porosity  materials. 

During  storage,  the  humidity  should  be  controlled  to  the 
maximum  extent  possible  to  avoid  corrosion  of  external  metal 
surfaces . 

A large  number  of  failures  were  attributed  to  handling 
and  packaging.  Special  attention  should  be  given  to  the  design 
and  construction  of  containers  to  avoid  damage  during  transpor- 
tation and  handling. 

Tubes  equipped  with  vac-ion  pumps  should  be  pumped  period- 
ically to  insure  vacuum.  The  pump  should  always  be  operated 
prior  to  installation.  Large  tubes  should  be  designed  with  a 
vac-ion  pump. 

Prior  to  full  operation  the  tubes  should  be  conditioned. 

The  process  should  include  as  a minimum  slow  heater  warm-up; 
anode,  cathode  and  helix  conditioning  by  applying  high  voltage 
gradually;  and  RF  conditioning  by  applying  RF  drive  gradually  to 
maximum  power  level  and  pulse  width. 
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APPENDIX  A 


TEST  OF  SIGNIFICANCE  OF  DIFFERENCES  IN  FAILURE  RATES 
(MORE  THAN  TWO  POPULATIONS) 

The  storage  reliability  data  is  obtained  from  numerous 
sources.  A detailed  qualitative  analysis  is  performed  on 
the  data  to  classify  devices,  environments,  uses,  quality  levels, 
failures  modes  & mechanisms,  and  so  on.  Once  the  data  sets  are 
grouped  according  to  these  analyses,  it  is  still  not  certain 
whether  grouped  sets  of  failure  data  are  in  truth  from  the  same 
statistical  population.  It  is  possible  that  the  failure  rate 
characteristics  of  identical  devices  from  the  same  manufacturers, 
with  the  same  application,  use  environment,  and  so  on,  are  not  from 
the  same  population  in  terms  of  reliability  — possibly  due  to 
some  problem  on  a production  line  for  a certain  lot  or  other 
factor . 

Therefore  a statistical  test  is  performed  to  determine  if 
the  different  data  sets  could  be  from  the  same  statistical  popu- 
lation . 

The  technique  used  is  for  more  than  two  data  sets  and  is 
taken  from  "Statistical  Methods  for  Research  Workers,"  R.  A. 

Fisher,  13th  edition,  Hufner,  1963,  pages  99-101. 

The  techniques  assumes  that  the  underlying  failure  dis- 
tributions each  have  the  same  constant  failure  rate  (A). 

Therefore,  the  probability  of  a number  of  failures  for  each 
population  can  be  represented  by  the  Poisson  distribution. 

A single  failure  rate  is  calculated  based  on  the  pooled 

data  sets  being  tested. 

N 

* = Z L 

i=l 

N 

where  A = Mean  failure  rate  for  all  data  sets 
f^  = the  number  of  failures  in  data  set  i 

Tj^  = the  total  storage  hours  in  data  set  i 

n = the  number  of  data  sets  being  tested 
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The  expected  number  of  failures  and  the  difference  between 
the  expected  number  of  failures  and  actual  failures  is  calculated 
for  each  data  set  based  on  the  pooled  data: 

M.  = AT. 


^i  = Mi  - "'il 


where 

- expected  number  of  failures  for  data  set: 

(based  on  the  pooled  data  sets) 
d^  = absolute  value  of  the  differences  between  the 
expected  number  of  failures  and  the  actual 
failures  for  data  set  i. 

Next,  lower  and  upper  limits  are  calculated  for  the  Poisson 
distribution : 


u.  = [M. 

+ d. ] (if  U.  = f . , 

set  u. 

= f. 

- 1) 

1 1 

1 1 1 

1 

1 

L.  = <M. 

- d.>  (if  L.  = f . , 

set  L . 

= f. 

+ 1) 

1 1 

(if 

1 1 1 

L.  <0,  set  L.  = 0) 

1 1 

1 

1 

= upper  limit  for  data  set  i 

L.  = lower  limit  for  data  set  i 
1 

[ ] = rounded  down  to  integer  value 
< > = rounded  up  to  integer  value 

The  probability  that  f^^  failures  would  occur  in  data  set  i 
given  the  population  failure  rate  is  A , is  expressed  by  the 
Poisson  distribution: 


P.  = 1 - 


= 1 - 


1 

E 

u . 


p.  . 
ID 


-M. 


M.  3 
1 

TT“ 


The  individual  probabilities,  P^,  are  the  significance 
probabilities  for  the  individual  distributions.  It  is  required 
to  test  whether  the  ensemble  of  taken  together  represents  an 
improbable  configuration  under  the  null  hypothesis  which  is  that 
the  underlying  distributions  have  the  same  constant  failure  rate 
(A)  . 

The  test  is  done  as  follows: 

C.  = - 2 In  P. 

1 1 
n 


i = l 


Find  Cr  for  « = .05  (5%  level  of  significance)  and  2n 
degrees  of  freedom  from  the  tables  of  chi  square. 

If  C>Cr  reject  the  null  hypothesis  (that  all  of  the  popula- 
tions have  the  same  failure  rate.) 

If  the  null  hypothesis  is  not  rejected,  the  data  sets  can 
be  pooled  and  the  common  failure  rate  X used. 

If  the  null  hypothesis  is  rejected,  engineering  and  statis- 
tical analysis  is  required  to  remove  data  sets  from  the  pooled 
data  until  the  null  hypothesis  is  not  rejected. 


EXAMPLE  1; 

DATA  SET 

T . 

1 

F . 

1 

M. 

1 

d. 

1 

u . 

1 

L. 

1 

P . 

1 

c. 

1 

1 

587.4 

19 

12.9 

6.1 

18 

7 

,0936 

4.74 

2 

144.1 

0 

3.2 

3.2 

3 

1 

.0849 

4.93 

3 

65.6 

1 

1.4 

.4 

2 

2 

1.000 

0 

4 

95.8 

1 

2.1 

1.1 

3 

2 

.5406 

1.23 

5 

128. 

3 

2.8 

.2 

3 

3 

1.000 

0 

6 

281. 

15 

6.2 

8.8 

14 

0 

.0018 

12.60 

7 

78.6 

2 

1.7 

. 3 

1 

1 

1,000 

0 

8 

484.8 

0 

10.7 

10.7 

21 

1 

.0016 

12.93 

1865.6 

41 

I c.  = 

= 36.43 

pooled 

- X = 21.98 

fits 

C = 36.43 

2n  degrees  of 

freedom  = 16 

(from  chi-square  dist.  at 

« = .0 

5)  Cr  = 

= 26.30 

Since  C>Cr  

- 

the  null  hypothesis, 

, that 

all  of  the  popu- 

lations  have  the  same  failure  rate,  is  rejected. 
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2 

65.6 

1 

2.2 

1.2 

3 

2 

. 536 

1.2 

3 

95.8 

1 

3.2 

2.2 

5 

2 

.277 

2.57 

4 

128. 

3 

4.2 

1.2 

5 

4 

.641 

.89 

5 

281 . 

15 

9.3 

5.7 

14 

4 

.070 

5.33 

6 

78.6 

2.6 

.6 

3 

3 

1.02 

.0 

1236.4 

41 

9.99 

Pooled  \ = 33.16  fits 

C = 9.99 

2n  degrees  of  freedom  = 12 
Cr  = 21.03 

C<Cr  - accept  null  hypothesis  — 

All  data  sets  have  the  same  failure  rate  (A  = 33.16  fits). 
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APPENDIX  B 


1 


ENVIRONMENTAL  DESCRIPTION 


Environment 


Nominal  Environmental  Conditions 


Ground,  Benign 


Space,  Flight 


Ground,  Fixed 


Ground,  Mobile 
(and  Portable) 


Naval,  Sheltered 


Naval,  Unsheltered 


Airborne,  Inhabited 


Airborne,  Uninhabited 


Missile,  Launcli 


Nearly  zero  environmental  stress  with 
optimum  engineering  operation  and  main- 
tenance . 

Earth  orbital.  Approaches  ground, 
benign  conditions  without  access  for 
maintenance.  Vehicle  neither  under 
powered  flight  nor  in  atmospheric  re- 
entry . 

Conditions  less  than  ideal  to  include 
installation  in  permanent  racks  with 
adequate  cooling  air,  maintenance  by 
military  personnel  and  possible  in- 
stallation in  unheated  buildings. 

Conditions  more  severe  than  those  for 
ground,  fixed,  mostly  for  vibration  and 
shock.  Cooling  air  supply  may  also  be 
more  limited,  and  maintenance  less 
uniform. 

Surface  ship  conditions  similar  to 
ground,  fixed,  subject  to  occasional  high 
shock  and  vibration. 

Nominal  surface  shipborne  conditions  but 
with  repetitive  high  levels  of  shock  and 
vibration . 

Typical  cockpit  conditions  without  en- 
vironmental extremes  of  pressure,  tem- 
perature, shock  and  vibration. 

Bomb-bay,  tail,  or  wing  installations 
where  e.\treme  pressure,  temperature,  and 
vibration  cycling  may  be  aggravated  by 
contamination  from  oil,  hydraulic  fluid, 
and  engine  exhaust.  Classes  I and  la 
equipment  of  MIL-E-5400  should  not  be  used 
in  this  environment. 

Severe  conditions  of  noise,  vibration,  and 
other  environments  related  to  missile 
launch,  and  space  vehicle  boost  into  orbit, 
vehicle  re-entry  and  landing  by  parachute. 
Conditions  may  also  apply  to  installation 
near  main  rocket  engines  during  launch 
operations , 


B-1 


